INTRODUCTION
============

Accompanying the accelerated development of technology and engineering over the past 20 years has been a revolution in the field of biomedical research, leading to new results and discoveries to improve human health. To continue on this trajectory of growth, there is a need for committed and diverse young scholars to continually enter and persist in biomedical fields. Yet there is strong evidence that the pathways to biomedical careers are not being pursued with equal vigilance among all students ([@B41]). In particular, historically underrepresented (HU) students represent only a small proportion of scholars at every step on the path toward a career as a biomedical research scientist, even though the absolute numbers of HU students throughout the pipeline has substantially increased. For example, and due in large part to support from the National Institutes of Health (NIH) and the National Science Foundation (NSF), there has been a steady increase in the number of HU students entering biomedical doctoral programs; in 2000, there were 3444 HU students entering doctoral programs, and by 2013, this increased by 74% to 5992 ([@B36]). Although retention of these students is high, with dropout rates similar to those of majority students, at 15%, they still represent only a small percentage (12%) of all doctorally prepared bioscientists ([@B36]). This is also reflected in the very low proportion (less than 10%) of doctorally prepared HU scholars who become full-time biomedical research faculty ([@B36]). And in spite of gains, HU people remain underrepresented relative to the U.S. population at every stage of the biomedical career pathway ([@B47]).

Market forces unquestionably keep a large proportion of all new graduates out of traditional tenure-track academic research positions, and they are increasingly opting for (or are forced toward) other career paths available to them, including both research-intensive and non--research intensive careers. According to the *Biomedical Research Working Group Report*, among the 9000 biomedical PhD students who graduated in the United States in 2009, 24% were employed in academic research (often as postdoctoral fellows), 23% in teaching at the secondary or graduate level, 18% in industry, and 6% in government ([@B39]; [@B48]). Although unemployment for biomedical doctorates is extremely low, a surprisingly high percentage (30%) exits the field entirely, with many underemployed in jobs that do not require a doctoral degree ([@B26]). Other doctorally prepared research scientists working in nontraditional careers also contribute to the advancement of research in the field, most notably those working in the pharm-tech industry and others employed in academia in positions that conduct or support research. [@B50] report that the vast majority of skills acquired during doctoral training in science, technology, engineering, and mathematics (STEM) are transferable across research and non-research careers. In an earlier report by [@B42] that also documented relatively few HU faculty at research universities, the authors conclude that a lack of social support and role models in the academic environment for early-career faculty influences this disparity.

There are many barriers along the arduous path to a biomedical research career for both HU and majority (i.e., white and Asian students represented above population rates) doctoral students, with time and cost arguably the most significant. With an average of 6--7 years to complete a biomedical doctoral degree ([@B49]) added onto the 4 years spent in undergraduate education, biomedical students typically invest nearly a *decade* (or more) to obtain specialized research training. In addition to the students' time commitment, the time faculty spend educating biomedical doctoral students is also considerable, including time for course development, lectures, dissertation committees, lab rotations, and advising and mentoring ([@B51]). All of this effort also has financial implications---for the student, the universities, the government, and even the general public (in the form of taxes). Training biomedical research scientists is expensive, and research training investments may be lost when doctoral students exit for nonresearch, non-science types of employment. With such high investments from students, faculty, and funding agencies, efforts to understand the factors that promote and ensure these specially trained doctoral students maintain their trajectory are needed. This is especially important with respect to HU students, because they are even more likely to follow alternative career pathways.

Professional Identity and Persistence
-------------------------------------

Professional identity, a type of social identity, is influential to social integration and affiliation. [@B53] originally introduced the concept of social identity theory as a way to explain why individuals can favor a group (typically their own) and discriminate against another group. This theory posits that each person has a variety of "social selves," that, in turn, individually connects one to various social groups, including people who share common social attributes. A person's gender, ethnicity, religion, age, interests, practices, and activities can define that person's identity group. In addition, there can be a professional identity, which sometimes develops through education, mentorship, or co-curricular involvement. Social identity theory suggests that, when a person identifies with a social group, that person is likely to think, feel, and act in a way consistent with the norms of the group ([@B25]). Without such identification, persons are less likely to do what group members typically do. Thus, when students have high professional identity, they report seeing themselves as members of their professions (e.g., a scientist or engineer), and they are more likely to engage in their professions and persist ([@B5]; [@B14]).

Recent research on biomedical research career development has started to examine how social factors predict persistence. For example, social identity theory predicts that students who develop a professional identity---for example, by identifying as a scientist---are more likely to adhere to the norms of the professional community and persist in the field. There is growing evidence that confirms this hypothesis ([@B56]; [@B22]; [@B17]; [@B11]). Mediation analysis from The Science Study tested the tripartite integration model of social influence and found that, as HU students became more highly identified with the field of science, they were more likely to persist in science careers ( [@B14], [@B13]). On the basis of data from a semiannual questionnaire, the authors documented the positive effect of scientific self-­identity on growth and attainment of performance-approach goals over time, which in turn led to participation in STEM fields ([@B21]). Results from Corwin and colleagues emphasized the importance of science identity as contributing to motivation and confidence for persistence in STEM for both undergraduate and graduate minority students ([@B6]), and in a recent National Academies report, science identity was listed as a key outcome of engaging in research that ultimately contributes to retention ([@B38]).

Social Support and Identity Development
---------------------------------------

From the field of higher education, there is evidence that HU students' sense of "belonging" in their academic communities is complex and often obstructed ([@B23]). To address the issue of attrition, several studies have shown how social supports from mentors, advisors, peers, and instructor relationships, as well as from discipline-related clubs and societies, contribute toward students persisting in biomedical career pathways ([@B10]; [@B12]). Research by [@B35] on race-based rejection concludes that cross-race friendships can provide social support when discrimination occurs and may be particularly helpful to persons with high sensitivity to race-based rejection by increasing coping when confronted with race-related difficult experiences. The influence of specific types of social supports on professional identity development and persistence is less well understood.

### Types of Mentorship Support.

One of the best-researched social support types is in the context of mentorship. Mentorship typically is used to describe the experience of an experienced professional providing professional development support to a less experienced protégé ([@B9]). Meta-analyses of mentor--protégé studies have shown that providing instrumental and psychosocial support is important to the protégé experiencing positive outcomes ([@B8]). Specifically, mentors can provide *instrumental support*, which includes providing access, visibility, resources, materials, and other forms of concrete support to assist in career progress. Mentors can also provide *psychosocial support*, whereby the mentor contributes toward a protégé's emotional and personal development ([@B16]; [@B37]). An additional form of support that also has been shown to be a part of quality mentorship is providing *networking support*, which includes helping a protégé broaden and strengthen his or her professional network ([@B29]). In some cases, elements of these have been combined to create a composite measure of "quality mentorship" ([@B20]).

### Social Support and Professional Identity.

For HU STEM students, quality mentorship has been found to increase belonging, discipline identity development, and overall confidence in being a scientist ([@B31]; [@B7]; [@B5]; [@B54]). [@B20], using a longitudinal quasi-experimental design, provide evidence that quality mentorship support (not ethnic similarity of mentor to protégé) contributed to retention and persistence of African-American students drawn from 50 different institutions. [@B13] most recently found that mentor social support for HU students impacted student persistence through strengthening science identity. At the same time, research also suggests that HU and majority students may not have similar mentorship experiences or needs. A student's cultural background can influence a whole host of attributes that are valued, including perceptions of science, identity, sense of belonging, and overall experience of a mentor's support ([@B22]; [@B27]; [@B3]; [@B17]). There is no quantified research on the relationship between friend and family support on the acquisition of science identity and engagement in biomedical career persistence.

Research Questions
------------------

Despite the growing research in this area, information is sparse on how specific types of social support influence persistence in biomedical fields for doctoral students. To address this gap, we conducted a 1-year longitudinal intervention study of University of California, San Francisco (UCSF), biomedical doctoral students that included groups of HU and majority students. The purpose of this study was to assess similarities and differences among HU and majority biomedical doctoral students regarding the following: First, to what extent do HU and majority doctoral students report equivalent experiences of social support, science identity, and intentions to persist relative to each other? Second, do their experiences of social supports predict intentions to persist in biomedical fields 1 year later? And third, does science identity mediate the relationship between social supports and intentions to persist in biomedical career pathways? This last question will be answered using PROCESS mediation analyses. [Figure 1](#F1){ref-type="fig"} depicts the full mediation model that was tested to answer the third research question.

![Full-study mediation models including four types of social supports, science identity as the mediator, and intentions to persist as the outcome.](cbe-18-ar39-g001){#F1}

METHODS
=======

Participants
------------

The data for this paper were collected as part of the Biomedical Research career Identification in Graduate Education (BRIDGE) research project, a longitudinal study designed to determine the effectiveness of professional development interventions on motivation to persist in a research science career; participants included first-year (*n* = 36), second-year (*n* = 33), and third-year (*n* = 32) doctoral students enrolled in research-intensive biomedical, social science, or nursing doctoral programs. All students were enrolled in degree programs that specifically provided training for pharm-tech or faculty research careers. In October 2014, a short message of study introduction, selection criteria, and a link to the baseline survey were sent directly to all 442 qualified participants at their university email address. Of these, 322 returned completed surveys. A stratified random sample of 101 participants, including an oversampling of HU students, resulted in a total sample of 55 HU and 46 majority participants. The analytic sample in this paper is from a stratified random sample of students who completed both the first-year baseline survey and year 1 survey (with a 92% response rate at year 1).

As shown in [Table 1](#T1){ref-type="table"}, the baseline median age was 28 years for both the majority and HU groups. A large proportion (70%; *n* = 32) of participants in the majority group were female, while 60% (*n* = 33) of participants in the HU group were female. Sixty-five percent of the majority students and 80% of HU students reported being single, while only 15% of the majority and 9% of HU students were married. The remaining participants were living with a domestic partner or a significant other. In the majority group, 61% of doctoral students identified themselves as white, while 39% identified as Asian/Asian American (not underrepresented). Both of these groups are statistically overrepresented in biomedical science relative to the U.S. population. In the HU group, 55% of participants identified themselves as Latinx/Hispanic. The remaining HU students identified as African American (48%), followed by 12% American Indian, and 8% Pacific Islander. In addition, we allowed participants to self-identify themselves as underrepresented. This group included 20% Asian/Asian American (including disabled and underrepresented first-generation Asian students, such as those from Vietnam or Laos, who are considered underrepresented relative to the population) and 12% white (disabled, biracial, or self-identified as underrepresented). None of the participants reported being Native Hawaiian. Participant enrollment was evenly distributed among the first, second, and third years, with roughly 30% enrolled in each year. This enrollment trend was similar for both HU and majority groups. While more than 65% of participants in the majority group reported their expected doctoral degree completion year to be 2018 or earlier, only 50% of the participants in the HU group reported that they expected to complete their degrees by 2018.

###### 

Demographic characteristics of study participants (*N* = 101)

                                                                                  *n* (%)^a^ or mean   
  -------------------------------------- ---------------------------------------- -------------------- ------------------
  Age                                                                             28                   28
  Completion year                                                                 2018                 2018
  Gender                                 Male                                     14 (30.4)            21 (38.2)
                                         Female                                   32 (69.6)            33 (60.0)
                                         Transgender                              0                    1 (1.8)
  Marital status                         Single                                   30 (65.2)            44 (80.0)
                                         Married                                  7 (15.2)             5 (9.1)
                                         Living with domestic partner             9 (19.6)             6 (10.9)
                                         Divorced/widowed                         0                    0
  Ethnicity                              Hispanic                                 0                    30 (54.5)
                                         Non-Hispanic                             46 (100)             25 (53.0)
  Race (non-Hispanic)                    White                                    28 (60.9)            3 (12.0)
                                         Asian/Asian American                     18 (39.1)            5 (20.0)
                                         African American                         0                    12 (48.0)
                                         American Indian                          0                    3 (12.0)
                                         Pacific Islander                         0                    2 (8.0)
                                         Native Hawaiian                          0                    0
  Past academic experience               Attended a professional conference       18 (39.1)            20 (36.4)
                                         Prepared a scientific manuscript^b^      26 (56.5)            16 (29.1)
                                         Prepared a grant application             26 (56.5)            23 (41.8)
  Socioeconomic status                   Mean total amount of student loan owed   \$35,001--45,000     \$45,001--55,000
                                         Mean total amount of debt                \$15,000--25,000     \$25,001--35,000
  Difficulty in paying for basic needs   No difficulty at all                     13 (28.3)            16 (29.1)
                                         Minor difficulty                         19 (41.3)            23 (41.8)
                                         Moderate difficulty                      9 (19.6)             10 (18.2)
                                         A lot of difficulty                      5 (10.9)             6 (10.9)

^a^Total number for each item might not add up to *N* due to missing values.

^b^Significantly different between HU and majority doctoral students.

Procedures
----------

The research team was assisted in the development of the baseline survey by university stakeholders (i.e., administrators and staff working with doctoral students), and BRIDGE advisory board members. To ensure the robustness of the survey and survey items, stakeholders and advisory board members assessed the clarity of the questions by participating in pretesting and by providing notes on the content and face validity of the measures. To the greatest extent possible, well-validated psychosocial scales were used. All study procedures had prior review and approval (IRB \#12-10024) from the UCSF Human Research Protection Program.

The survey was administered online using Qualtrics and included a skip mechanism for questions that might not apply to all participants. A modified tailored panel management ([@B15]) approach was used at each survey administration, which included four personalized email reminders, compensation (a \$20 e-Amazon gift card), and branding of the BRIDGE study. Of the 101 participants, the response rates for baseline and year 1 were 100 and 92%, respectively. Additionally, we used a reminder mechanism in Qualtrics, which highlighted any questions missed by the participant. The participants were prompted to either answer or skip the questions.

Measures
--------

Baseline and year 1 surveys were identical, except that demographic information was only asked at baseline, and the year 1 survey (administered 1 year later) added two questions regarding career intentions to persist. The survey included questions regarding academic experiences, psychosocial variables, productivity measures, and quality of school life. The results reported here used the baseline measure of social support and year 1 measure of science identity and intentions to pursue a biomedical career.

### Instrumental Support.

This was a four-item Likert scale, based on the NIH mentoring guideline ([@B40]). Participants were asked to indicate how satisfied (1 = not at all satisfied to 5 = extremely satisfied) they were with their advisor/principal investigator (PI) regarding a series of mentorship attributes, including "Defining the goals of your doctoral program," "Frequency of meetings," "Quality of communication," and "Feedback on your scientific work" (α = 0.89).

### Psychosocial Support.

A four-item scale was created based on the NIH mentoring guideline ([@B40]). Participants were asked to indicate how satisfied they were with their advisor/PI from 1 (not at all satisfied) to 5 (extremely satisfied). Statements included "Helping provide professional networking opportunities," "Maintaining a healthy school/work--life balance," "Advice on nonacademic career opportunities," and "Assistance in completing your Individual Development Plan" (α = 0.88).

### Professional Network Support.

This was a two-item scale based on the NIH mentoring guideline ([@B40]). Participants were asked to indicate the extent to which each statement describes their experience and to assign a rating from 1 (not at all) to 5 (to a very large extent). Statements included "Help you to meet other people in your field inside of UCSF" and "Help you to meet other people in your field outside of UCSF" (α = 0.83).

### Friend and Family Support.

This two-item scale, adapted from Lent's original 14-item Contextual Supports scale ([@B29]), asked participants to indicate their level of agreement with statements, each rated from 1 (strongly disagree) to 6 (strongly agree). Statements included "Close friends are proud of the fact that I am pursuing a doctoral degree" and "I feel supported by my partner/family/friends in my pursuit of a doctoral degree" (α = 0.69).

### Science Identity (Mediator).

A five-item scale, adopted from [@B14], asked participants to indicate their level of agreement with statements, each rated from 1 (strongly disagree) to 5 (strongly agree). Statements included "I have a strong sense of belonging to the community of scientists," "I derive great personal satisfaction from working on a team that is doing important research," "I have come to think of myself as a 'scientist,'" "I feel like I belong in my field of science," and "The daily work of a scientist is appealing to me" (α = 0.83).

### Persistence (Outcome).

We adapted an outcome measure from The Science Study ([@B14]), using an 11-point Likert scale from 0 (definitely will not/not at all likely) to 10 (absolutely will/likely) to create a five-item "persistence" measure of participants' intentions to pursue careers in science. Specifically, each item asked participants to indicate their intentions to pursue careers in science: "To what extent do you intend to pursue a science-related research career?," "To what extent do you intend to pursue a career in the same field as your doctoral research?," "To what extent do you intend to pursue a career in which you publish scientific findings in peer-reviewed journals?," "To what extent do you intend to pursue a career in which you present papers at conferences?," and "To what extent do you intend to pursue a career in which you write grant applications for funding?" (α = 0.91).

Plan of Analysis
----------------

To answer the proposed research questions, we first examined the internal consistency of the scales by calculating Cronbach's alpha. Alphas near or above 0.70 were deemed acceptable ([@B43]). In addition, we assessed whether the alphas were comparable to previously published alpha scores for our measures of support, science identity, and intention to pursue a biomedical career. We then conducted descriptive analysis on all internally consistent scales and performed chi-square analysis and *t* tests to note significant differences in any variables and scales between HU and majority students at baseline (see results in [Table 2](#T2){ref-type="table"}). Next, given the limited sample size and our ambition to describe relationships among the variables that may exist across a diverse sample of graduate students, we conducted a bivariate analysis, using correlation analysis, to identify significant relationships between each of the measures of social support and the one dependent variable, "intentions to persist." To test the statistical significance of the indirect effect (i.e., mediated effect) for each model, Preacher and Hayes's bootstrapping method with 5000 resamples was conducted using the *mediate* function added to SPSS (PROCESS215; [@B19]). Point estimates and confidence intervals were determined to assess the significance or nonsignificance of the mediated effect. If the estimates indicated that zero did not fall between the confidence intervals, significant mediation effects were found. We completed two separate analyses, one with HU students and one with majority students, to determine whether science identity mediated the relationships between measures of social supports and intentions to persist in a biomedical field ([@B33]).

###### 

Descriptive statistics of the social support measures, science identity measure, and persistence measure

                            Instrumental support   Psychosocial support   Professional network support   Friend and family support   Science identity   Persistence
  ------------------------- ---------------------- ---------------------- ------------------------------ --------------------------- ------------------ ------------------
  Full sample (*N* = 101)   3.87 (0.88) 0.89       3.51 (1.03) 0.88       3.82 (1.05) 0.83               5.14 (0.89) 0.69            4.67 (0.86) 0.83   7.00 (2.14) 0.91
  HU (*N* = 55)             3.84 (0.86) 0.88       3.53 (0.91) 0.82       3.74 (1.06) 0.82               5.09 (0.96) 0.67            4.62 (0.91) 0.75   7.16 (2.19) 0.92
  Majority (*N* = 46)       3.90 (0.91) 0.90       3.49 (1.14) 0.92       3.90 (1.05) 0.84               5.21 (0.81) 0.70            4.73 (0.78) 0.90   6.81 (2.10) 0.89

The resampling procedure we used has the advantage of possessing fewer assumptions compared with the Sobel test, which requires the indirect effect to be normally distributed ([@B46]; [@B18]). In summary, the PROCESS analyses approach to testing mediation does not require normality assumptions be met (i.e., it is a nonparametric test) and has increased power, which is particularly recommended for smaller sample sizes such as found in our study ([@B45], [@B46]). Further, unlike [@B2] causal mediation procedures, Preacher and Hayes's bootstrapping method does not require the independent variable (*X*) to be significantly associated with the dependent variable (*Y*; *c* path) for mediation to occur, because the total effect between *X* and *Y* includes both direct and indirect effects. In other words, the association between *X* and *Y* is allowed to exist through the indirect effects of one or more mediators, yielding a nonsignificant direct effect in the process.

While all participants completed each survey used in the analyses, we used listwise deletion in SPSS for the analysis of all cases in which a data point was missing. This is a common practice when the missing data is relatively small (less than 5% of the sample) and the missingness is random ([@B1]).

RESULTS
=======

HU and Majority Student Experiences
-----------------------------------

The analysis began with testing for significant differences between HU and majority students on all variables of interest. Overall, the results showed that there were no significant differences between these two groups on any of the relevant variables (see Supplemental Tables 1 and 2), except for one descriptive variable regarding preparation of scientific manuscripts. We next sought to address the first research question and test to what extent experiences of social support predicted intentions to persist in biomedical fields among HU and majority doctoral students 1 year later. To answer this, we conducted correlations between measures of social supports (measured at baseline) with intentions to persist 1 year later (see [Tables 3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}). No significant direct relationships were found for HU or majority students between social support measures at baseline and intentions to persist in science a year later. In contrast, correlational results showed a significant direct relationship between science identity 1 year later and intentions to persist in biomedical careers 1 year later for both HU (*r* = 0.29; *p* \< 0.01) and majority (*r* = 0.44; *p* \< 0.01) students. In addition, the results showed significant relationships between science identity and both friend and family support (*r* = 0.38; *p* \< 0.01) and professional network support (*r* = 0.36; *p* \< 0.05) for majority students. While for HU students, there were significant relationships between science identity and instrumental (*r* = 0.46; *p* \< 0.01), psychosocial (*r* = 0.40; *p* \< 0.01), and family and friend (*r* = 0.29; *p* \< 0.01) support. Overall, the types of social support related to science identity were largely different for HU and majority doctoral students.

###### 

Correlations among predictor, mediator, and outcome variables of majority doctoral students

                                     1             2             3           4             5             6
  ---------------------------------- ------------- ------------- ----------- ------------- ------------- ---
  Instrumental support (1)           1                                                                   
  Psychosocial support (2)           0.675^\*\*^   1                                                     
  Professional network support (3)   0.514^\*\*^   0.548^\*\*^   1                                       
  Friend and family support (4)      −0.033        0.026         0.028       1                           
  Science identity (5)               0.165         0.028         0.357^\*^   0.383^\*\*^   1             
  Persistence (6)                    0.083         0.049         0.073       0.185         0.440^\*\*^   1

^\*^*p* \< 0.05.

^\*\*^*p* \< 0.01.

###### 

Correlations among predictor, mediator, and outcome variables of HU doctoral students

                                     1             2             3        4             5             6
  ---------------------------------- ------------- ------------- -------- ------------- ------------- ---
  Instrumental support (1)           1                                                                
  Psychosocial support (2)           0.651^\*\*^   1                                                  
  Professional network support (3)   0.245         0.184         1                                    
  Friend and family support (4)      0.256         0.196         −0.062   1                           
  Science identity (5)               0.460^\*\*^   0.398^\*\*^   0.191    0.293^\*\*^   1             
  Persistence (6)                    −0.166        −0.023        −0.066   −0.044        0.288^\*\*^   1

^\*\*^*p* \< 0.01.

PROCESS Mediation Results
-------------------------

Next, we sought to answer the research question "To what extent does support that is accompanied by increased science identity predict persistence?" In other words, does science identity mediate the relationship between forms of social supports and intentions to persist? To test this, we conducted PROCESS mediation analyses for HU and majority students following the criteria and procedures that [@B19] describes testing the relationships depicted in [Figure 1](#F1){ref-type="fig"} ([@B19]). Given these results, one PROCESS mediation model was performed for majority students, using professional network support as the independent variable shown in [Figure 2](#F2){ref-type="fig"}. Three PROCESS mediation models were executed for HU students, using psychosocial, instrumental, and friend and family support as independent variables, as shown in [Figure 3](#F3){ref-type="fig"}.

![Majority doctoral student PROCESS mediation outcome. This figure shows that, among the majority doctoral students, professional network support significantly influences persistence through science identity. *a*~i~ represents estimated direct effect of social support measure on science identity; *b*~i~ represents estimated direct effect of science identity on persistence; and *c*~i~ − *c*~i~′ represents the estimated mediated effect the social support measure has on persistence.](cbe-18-ar39-g002){#F2}

![HU doctoral student PROCESS mediation outcome. This figure shows that, among HU doctoral students, psychosocial, instrumental, and family and friend support significantly influence persistence through science identity, respectively. *a*~i~ represents estimated direct effect of social support measure on science identity; *b*~i~ represents estimated direct effect of science identity on persistence; and *c*~i~ − *c*~i~′ represents the estimated mediated effect the social support measure has on persistence.](cbe-18-ar39-g003){#F3}

### Professional network support and Majority Students.

Our first analysis examined professional network support. As shown in [Figure 2](#F2){ref-type="fig"}, for majority students, we found that professional network support (*X*~1~) affected persistence (*Y*): *c*~1~ = 0.149 (SE = 0.324, *t* = 0.459, *p =* 0.649). *X*~1~ also affected the science identity (*M*): *a*~1~ = 0.275 (SE = 0.130, *t* = 2.12, *p =* 0.040). Science identity (*M*) also affected the mediator science *Y*: *b*~1~ = 1.62 (SE = 0.308, *t* = 5.24, *p* \< 0.001), even when adjusted for *X*~1~. The adjusted effect *X*~1~ is *c*~1~′ = −0.296 (SE = 0.264, *t* = −1.12, *p =* 0.269), when including *M*. The mediated effect estimate as *c*~1~ − *c*~1~′ = 0.445 with 95% confidence interval (CI) \[0.062, 1.02\] and Preacher's κ~1~^2^ = 0.255, showing the mediated effect was statistically significant for majority students ([Figure 2](#F2){ref-type="fig"}). The mediation was insignificant for HU students.

### Instrumental Support and HU Students.

As shown in [Figure 3](#F3){ref-type="fig"}, mediation of science identity on the relationship of instrumental support and persistence was significant for HU students. The instrumental support *X*~2~ affected persistence (*Y*), without the influence of science identity (*M*), *c*~2~ = −0.441 (SE = 0.419, *t* = −1.05, *p =* 0.300), and it affected *M*: *a*~2~ = 0.359 (SE = 0.123, *t* = 2.91, *p =* 0.006). *M* affected *Y*: *b*~2~ = 1.65 (SE = 0.484, *t* = 3.41, *p =* 0.002), adjusting for *X*~2~. When *M* was included in the model, the effect of *X*~2~ on *Y* dropped to *c*~2~′ = −1.03 (SE = 0.410, *t* = −2.51, *p =* 0.016). The mediated effect is estimated as *c*~2~ − *c*~2~′ = 0.591 with 95% CI \[0.163, 1.40\]. Science identity significantly mediated the effect (Preacher's k~2~^2^ = 0.238) on the relationship of instrumental support predicting persistence for HU students ([Figure 3](#F3){ref-type="fig"}). The mediation was insignificant for majority students.

### Psychosocial Support and HU Students.

Next, we determined whether science identity mediated the relationship between advisor psychosocial support and persistence. The advisor psychosocial support *X*~3~ affected *Y*, without the influence of *M*, *c*~3~ = −0.058 (SE = 0.406, *t* = −0.143, *p =* 0.887), and it affected *M*: *a*~3~ = 0.402 (SE = 0.113, *t* = 3.57, *p =* 0.001). *M* affected *Y*: *b*~3~ = 1.55 (SE = 0.528, *t* = 2.94, *p =* 0.006), adjusting for *X*~3~. When *M* was included in the model, the effect of *X*~3~ on *Y* dropped to *c*~3~′ = −0.681 (SE = 0.428, *t* = −1.59, *p =* 0.120). The mediated effect is estimated as *c*~3~ − *c*~3~′ = 0.623 with 95% CI \[0.202, 1.25\]; this means science identity had a significant mediated effect (Preacher's k~3~^2^ = 0.231) on the relationship of psychosocial support predicting persistence ([Figure 3](#F3){ref-type="fig"}). The mediation was insignificant for majority students.

### Friend and Family Support and HU Students.

Finally, we determined whether science identity mediated the relationship between friend and family support and persistence. The friend and family support *X*~4~ affected persistence (*Y*), without the influence of science identity (*M*), *c*~4~ = −0.109 (SE = 0.363, *t* = −0.299, *p =* 0.766), and it affected *M*: *a*~4~ = 0.265 (SE = 0.109, *t* = 2.43, *p =* 0.020). *M* affected *Y*: *b*~4~ = 1.40 (SE = 0.446, *t* = 3.13, *p =* 0.003), adjusting for *X*~4~. When *M* was included in the model, the effect of *X*~4~ on *Y* dropped to *c*~4~′ = −0.478 (SE = 0.353, *t* = −1.35, *p =* 0.183). The mediated effect is estimated as *c*~4~ − *c*~4~′ = 0.369 with 95% CI \[0.067, 0.896\]; this means science identity has a significant mediated effect (Preacher's k~4~^2^ = 0.154) on the relationship of friend and family support predicting persistence ([Figure 3](#F3){ref-type="fig"}). The mediation was insignificant for majority students.

DISCUSSION
==========

This 1-year longitudinal study with HU and majority biomedical doctoral students found that both similarities and differences exist between these two populations. To begin, all students, regardless of majority/HU status, reported largely equivalent experiences of social support, science identity, and intentions to persist relative to each other. This indicates that HU students are not experiencing significantly more or less social support than their fellow students and that differences that do exist do not influence their overall intentions to persist in biomedical fields among this population of UCSF doctoral students. Results also showed that, for all students, the various types of social support did not directly predict intentions to persist in biomedical fields 1 year later. Specifically, a student's perceived support from mentors, advisors, and friend and family did not directly predict intentions to persist in biomedical careers 1 year later for HU students or majority doctoral students. Despite previous research suggesting that social support might directly and differentially influence HU students' persistence to a greater extent than majority students, the results of this yearlong study did not corroborate that hypothesis.

Consistent with previous findings, however, the results did indicate that science identity was significantly related to intentions to persist for both HU and majority students. The results are consistent with research findings that demonstrate that students' embracing their professional identities remains a key factor related to biomedical science career persistence among undergraduates and graduate students ([@B56]; [@B22]; [@B5]; [@B21]). The study results indicate that, overall, HU and majority students at UCSF had a lot of commonality in reported experiences and in how their experiences of social support and science identity independently related to their intentions to persist a year later.

Nuances
-------

The lack of significant direct relationships between social supports and intentions to persist was surprising, given that measures of quality mentorship (which sometimes included psychosocial, instrumental, and networking support) had previously been found to significantly predict higher intentions to persist in STEM careers ([@B20]). However, previous research had primarily focused on HU undergraduate students in science training programs from less competitive universities. In contrast, data from the HU and majority doctoral students attending a highly competitive university show that there can be nuances in the relationship. In answering the third research question---"Does science identity mediate the relationship between several forms of social support and intentions to persist in biomedical career pathways?"---these nuances became clearer.

While both HU and majority doctoral students indicated that some types of social support predicted future science identity, these groups differed in which specific types of support significantly related to science identity 1 year later. These differences are more fully understood by examining the results of the mediation analyses, which indicate that, for HU students, science identity more often mediates the relationship between social supports and biomedical career persistence. Specifically, for HU students, when advisors provided psychosocial or instrumental support that strengthened science identity, students were more likely to also report higher intentions to persist. This was also true for friend and family support. The significant mediations strongly suggest that a variety of social supports are important to HU students' persistence vis-à-vis contributing toward building a professional science identity and that this ultimately results in intentions to persist. Previous research has shown that HU students' experiences of belonging and connection (also referred to as "social cohesion") to their academic community is complex and often hindered by the campus racial climate ([@B23]). The differential outcomes for HU and majority students in this study may simply reflect that the building of a professional identity benefits from multiple sources of support when in an environment that does not readily convey cues of belonging. Alternatively, there may be cultural differences that leave HU students to more greatly value social connections than majority students. However, given that the majority group included Asian students, who come from cultures typically categorized as using collectivistic concepts of self that are similar to those of HU students ([@B34]), the latter explanation seems unlikely. Differential experiences of prejudice and racism may also influence the valuing of social connection. Future research is needed to better understand what aspects of the higher education context and students' cultures contribute toward these differential social support influences.

In contrast, for majority students, science identity only mediated the relationship between professional network support and intentions to persist. Thus, the mediation results indicate that HU and majority students *do not* share common needs in terms of support from advisors and friend and family when it comes to maintaining or growing their professional identities in a way that results in intentions to persist in their professional fields. For majority students, professional network support was important in forming science identity, whereas for HU students, other forms of support (including psychosocial, instrumental, and friend and family) were important.

The results of this study advance our understanding of why and for whom social support impacts persistence in biomedical fields. These results suggest that social support has an impact on persistence because of its ability to enhance the development of science identity. And the results also show this is particularly true for HU students. These findings are consistent with the previous theory that HU students have a different experience in academia than majority students ([@B12]). Further, the findings are consistent with research on science intervention programs that indicate that support and quality mentorship (which include instrumental and psychosocial support) are more likely to result in HU persistence than when these elements are lacking ([@B20]). Finally, our findings extend the definition of social support to include family and friend support as another important source for HU students. This is consistent with previous research showing that HU students typically hold more communal values and value community to a greater extent than majority students ([@B44]; [@B4]). For majority students, having an advisor who provides professional network support also appears to be important. Thus, while all students need support in maintaining their social identities, minority or majority status in a student's educational context may impact the type of support needed.

Caveats
-------

Persistence in this study was measured by five questions asking about the intention to pursue biomedical careers. This sort of measure has been used in previous research with undergraduates and has been shown to relate to application to and enrollment in graduate science programs, as well as engagement in conducting research ([@B14]). This is consistent with previous research findings that intentions do predict behavior when questions are specific to the predicted behavior, as opposed to being vague ([@B24]). Further, there is strong evidence that, when students set a goal to persist in science, this does relate to longer-term persistent behaviors and successful performance in science-related occupations ([@B32]; [@B52]; [@B28]). Thus, while intention is not the equivalent of *actual* behavioral persistence years later, it is a strong proximal indicator of it.

A second caveat to consider is that this study took place at an elite university's graduate program. The results, therefore, may not translate to less competitive cohorts of students or undergraduate or postdoctoral populations. As can be seen in students' baseline levels of intentions to pursue biomedical careers, the doctoral students in this study were highly committed to biomedical research career paths. In cases such as this, persistence does not rely on students increasing their commitment, but on students *maintaining* their commitment. Research with undergraduates has shown that freshman HU students who enter university with a high interest in science often experience significant declines in interest after 1 year as an undergraduate compared with majority students ([@B22]). Future research is needed to examine whether this is also true for doctoral students. Further, differences among year cohorts and types of degree programs (and the intersection of these) in graduate school was not examined in this paper due to insufficient power. Perhaps types of social support vary according to year in graduate school or discipline. Future research that includes larger sample sizes of graduate students would contribute toward advancing knowledge regarding these issues.

Finally, it is worth noting that the HU students in this study represented various ethnic groups, some of which are not traditionally categorized as underrepresented by federal agencies. However, all of the students shared in common self-identification as HU students and were navigating their career pathways with that identity. Additionally, even though we oversampled for HU students, there was not enough power to statistically test for subgroup differences, such as differences between Latinx and African-American students. The findings simply indicate that, overall, a variety of social supports are important for HU students' persistence. Future research with larger sample sizes may be able to better discern whether inter--ethnic group differences exist.

CONCLUSION
==========

This study suggests having an advisor who provides professional network support, as well as friend and family, may be important sources of influence for HU doctoral students' persistence. Further, these findings indicate that this is especially true when social support bolsters feelings of identifying with the professional community in which they seek to belong. Based on the findings of this study (and keeping in mind that these are not equally influential for HU and majority students) specific types of support that faculty and advisors can provide include the following: *Psychosocial supports* such as assisting students in creating and completing individual development plans (for a detailed discussion of this, see [@B55]), supporting students in maintaining healthy school/work--life balance, and being willing to provide advice on nonacademic career opportunities.*Instrumental supports* such as providing helpful feedback on students' scientific work, meeting with students frequently enough to support student needs, and maintaining a respectful level of communications.*Professional networking supports* such as helping students to meet other professionals in the field inside and outside of the institution.

At the same time, staying supportive of students' connections to friends and family, particularly for HU students, can be important. In some cases, this may require greater flexibility, such as when students need to return home to partake in cultural traditions and rituals around births, coming of age, marriage or death. Additionally, supporting HU students' engagement in professional clubs and societies may provide communities of inclusive research practice. These recommendations are not exhaustive but build from the results presented in this paper. Other research on mentorship in nonacademic and academic settings strongly suggests that a key variable is that mentors and protégés share a common understanding about what is supportive ([@B57]) and, when possible, have agreement around expectations and experiences. Further, training for all persons---students, mentors, and peer supports---can improve the quality of the support experienced ([@B30]), for example, working together to create a student development plan ([@B55]). Overall, these recommendations point toward a more communal approach to academia and suggest there may be costs to assuming people should "go it alone."
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